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REVISION OF AND DOCUMENTA11OK FOR lHE STANDARD VERS1ON OF THt POISSON GROUP CODES*

J. L. Warren, G. P. Bolcourt, M. T. Pen?el, G. U. Rodenz, and M. C. Vasquez, AT-6. MS H829
Los Alarnos National Laboratory, Los Alamos, NH 87545 USA

Sunwaary

The Los Alarnos Accelerator Theory and Simulation
Group (AT-6) maintains ‘Inddistributes a standard ver-
sion of the Potsson-Gro,,p codes (LATTICE, AUTOMESH,
TEKPLO1, POISSON, PANDIRA, MIR1, FORCE, SUPERFISH, and
SFO1). These codes are the product of man-decades of
development under the guidance of R. F. Holsinger and
K. Halbach. The main applications are tn the de$!gn
of electromagnets (POISSON and PANDIRA) and rf cav-
ities (SUPEr7FlSH). Other applications Include elec-
trostatics, h~at transport, and flndlng mathematical
surfaces of minimum area. with spectal financial
support from 00E-HEP, we have rev!sed and corrected
the standard version and are writing a Comprenenslve
manual containing many examples and a sunwnary of the
theory behind the codes. This paper wI1l Illustrate
some of the capabllltles of the codes and will surrrms-
rlze the manual, The revised codes are avatlable upon
request,

~troduction

The Poisson Group of codes really consists of two
sets of codes: one for the des!gn of magnets and one
for the design of rf cav?ties, lhese codes have been
developed over a period of 15 years, in the late
‘bOs, John Colonlas at Lawrence Berkeley Laboratory
(LBL) began modilylng a difiuslon calculation code
written by A. Winslow a+, Lawrence Llvermore National
Laboratory (LLNL), The result wds the TRIM set of
codes (MESH and FIELO) that were capable of solving
mathematical models of two-dimensional magnets, in
cludtng the effects of finite permeability. HLSH con-
structed an irregular triangular mesh to flt the geom-
etry of the magnet. FIELD solved Poisson’s equation
for the potential function over the nvch.

Ron Holslnger, Klaus Halbach and other associates
at LBL found TRIM very useful, and decided [o develop
a synthesis progrnm that coupled lRIM with PISA (Pro-
gram for Inversion of System Analysis), This program
was called f41Rl, which Is TRIM $pell@d backwards. It
was decfdcd to complet~ly rewrite TRIM. This task was
undertaken by Jtm Spoprl, Ron Holslnger, Klaus Halbach,
and others, The result was the beglnn~ng of the
“POISSON Group.” lnitlally there were three codes In
the qroup: LA1lICL, lLKPLOI, and POISSON, Lfllllc1.
15 like MESH; lLKPLO1, uhtch was spilt from MIStl,
draws plots of either the mesh or the feld llnes; ancf
POISSON 1s like tlLLt), Hols!nger continued to dev~ II
thqse codes while he was at the Swi>s lnstltute for
Nuclear Research (SIN) and CLRN (the research center
of the kuropean Council for Nuclear Research In
Geneva) between tarly 19’f2 and mtd-1975, BY the time
he arr!vet in Los Alamos in 197!J, he had compl~ted SIX
provrams: LAII ICI., PIIIS50N, ILKPLO1, MIFtl, FURCt, and
AU1OMISH. MIRI if an optlmlzat!~n program thfit lter
atively changes the shap~ of p~)e faces al,d current
d\str\but\ons to obtain the field dlslrlbutlon specl
fled by the user FORCE was created to c~lculhle the
magnetic forces and torques on the iron and on the
current rnrrylng cotls of the magnet, For many prob
lems, the pr@parat\on of Input data I
very tediou! because one musi supply
lo~lcal cootdlnates for all polrst$ a
boundaries, AUIOMISH eliminates lhe
the loglcal coordinate%.

.——.-..-,.- ——.
‘~ork supporlecf hy lhe US Depnrtmpnt of t,nergy

Mhlle at Los Alamos, Holstnger, In collaboration
with Halbach, wrote two more programs: PANDIRA and
SUPERFISH, PANDIRA was written In response to the
need to solve problems Involvtng permanent magnets,
that 1s, when the B versus H curve IS nonzero in the
second quadrant. In this case, the algortthm used tn
POISSON (successive point overrelaxatlon) was not ap-
propriate. PANC)lRA uses the so-called direct method
that solves tl,< sparse equations directly.

Halbach and dolslnger recognized thmt tfle problem
of finding the t!rn-independent amplitudes of the
electric and magnetic ftelds In rf cavlt!es could be
solved using met:~ods closely related to those used In
magnet problems. SUPERFISH not only calculates the
fields but also tletermlnes th? elgenfrequencles of the
cavltles. (o so”ve cavity design problems, one uses
the codes AUTOME!H, LATIICL, SUPIRFISH, and uses
TEAI’!G, ‘to plot the mesh as fields. One addttlonal
set of programs, called SUPERFISH outputs (SFOS), was
written to calculal,’ a,lxlllary quantities from the
output file produced b!l SUPERFISH. Radto-frequency
structllres [for axamplt,, drtft-tube llnacs (DTL\) and
radto-frequency quadruples (RFQs)] usually result In
the need to calculate different auxiliary quantities.

Orlglnally, the programs were written for the
CDC bbOO computeri. In 1977 when Holslnger left Los
Alamos, he conver:~d all the programs to run on the
VAX 11/780. He c,~ntlnued to update and nsalntaln the
prcgrams until 19112. At that ttme he transferred the
rnalntenance and d strlbutlcn responslblllty to Al b
In Los Alamos, Tile programs have ,Iad tremendous pop
ularlty s!nce the early ‘70s, and this has resulted
In a prollferatloll of versions of the codes. The doc-
umtntatlon for thlse codes wos adequate but Incom
plete. Until reel’ntly, Los Alamof has had very llm-
ited resources fol’ documentation, maintenance, distri-
bution, and corsu “stlon services, In October of
19BJ, the DOE-NP l~rovlded financial support with which
we have undertaka’1 the wrttirg of a comprehensive
us~r’s manual and the standardization of the codes
Into one version [hat will run on both the CRAY and
the VAX computers. Certatn lines of the code can be
switched in and out, depending on which computer o(le
Is using. The swltchlng 1s done quickly -requiring
only two torrinands to a text editor. With corlt~nued
00L support, we plan to complete the documentation,
establish a user’s group to direct improvements of the
codes, and ●stablish a system for dl$trlbutlng updatpd
versions of the codes and documentat~on,

lhe remainder of this paper desc!lbes some typi
cal output produced by these programs and mentluns
some ~f the features of the documentation,

~grl?t codes

A typlral problem in magnet design 1s the
speclflcatlon of the polp tlp shape and the current
strength necessar~ to produc~ a unlforn field over a
glv?n region, Fl~ure 1 is a T[KP101 output showing
the cros% sectloh of a typical H$hapcd dipole magnel
w!th field lines “or a flat pole t!p, Column 3 In
lable I li~ts the magnllude of the flrld IBl as a
function of posit’on in a rectangular region (m - 0
to 2,5 cm, y * O to 2,0 cm) at the center of the pole,
Column 4 show$ tht resu’t of exercising the option to
aui,omatlcally adJu\t tha current to produce a specl
fled field (lb kti In the ernample) at ihe center of
!ho gap (x - 0, y I L)), The inltlal current Is mul
tlplled by th~ var’hble ~Jf’act (calculated by the
Drovrarn) to get tht adju~ted current, Column t Is t4e
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fig, 1. A lEKPLO1 out
put showing the geometry
and field llnes for one-
fourth of an H-shaped
magnet with uncorrected
pole-tip shape produced
by POISSON.
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TJBLE 1

EXAMPLF USING POISSON AND MIR1
TO PROOUCE A UNIFORM F;tLO lN AN H-SHAPED MAGNE1
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159b3,E
15PB5.3
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li99b.9
1597b B
15924.1
lbO12,2
lbOIO.b
1bOOb ,9
1bO09 ,L
lb023, I
lb026.2
lb03fi,4
lbO)J,4

MIR1
1.092228
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lbO03.4
;bOOO ,9
15997.0
lbO02,4
lbO05,1
lbOOl .b
15993.9
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result of a MIR1 run In whtch two oaramrters were var
lPcjl On? parameter uas xjfact and’the second was PC.
lated to the height of a bump at the ~dqe of t,he pole
t\p, Figure 2 shows the new pol?-tlp shape. The po
rameters were varied, sljbject to the constraint that
the field be unlforml’1 lb kG in thp small c!rrular
region, shown in the figure by a dot’
w\ll handle much more complicated sa
and constraint!.

c~t~y qoq@\

As an ●xample of what SUPLlt}lsH

ed I{n@, MINI
I of parametpr>

tho problcm of rof!ntng the desl~n of a 1)11,cavity
by optimizing the face angle of the drift tube to
dccrcasa the Qap bctweeh drift tub~~ LSIIIIlhus In
craa$a the trans!t,tlme factor 1. it Is ti:$umeclthfii
~insonston~ and shap@ of the cavity alrvndv havr h@Pn

determined tn such a way that the TMp10 mode of the
cavity is at the frequency of the power source, Fig
ure 3 is a TEKPLOT output of one-tourth the cro~s sec
t!on Or a Oli cavity. A picture of the full cavity Is
obtained by rotat!ng the figure about the t,~rizont~l
z-axis and reflecting the resu’t through the vertical
plane containing the r-axis, The figure shows the
pattern of electrlc-field lines in the Tk!o o mode.

\figure 4 Identifies the face angle m. lab e 11 shows
the type of useful numher$ that can be obtained from
the SUPERFISH output for four different face angles a.
Although increasing the face angle does Increase 1, It
also increases the mflximum electric field E
must balanck increased T against the posstb Y7Tiy :!’
electrical breakdown caused by high fields, Tne qu+ll
tlty P Is the power dissipated In the cav!ty / Is the
Impedance per unit length. The parameter 211 is a
measdre of cavity efficiency.

Features of the Manual.-.— .—-. ._. —.- ...-..—.—.

lhe Poisson.Group c~des are fairly complicated
and require some @ffort on the users’ part before
they can be mastered, The manual 1s Intended to glkc
a autck Introduc+.lon to the beginner, to be a useful
reference for persons simply n~edtng”remlnders of how
the programs work, and to be an in-depth surmnary of
the theory that went Into the writing of the cod,!~,
“Ihe mhnual has been divided tnto three sections: a
ganeral introduction, a section for maOnet problem<,
and a section for rf cavit!es, The code% AUlflMt5H,
L4111CL, and TLKPLf.)1ar~ corrsnonto both magnet and
cavity problems,
~arh section has
grams , lhe sect
separated ‘thou
section,

10 hplp the
of th~ cod~<, we
bripf summary of

For the convenleflce of th~ r~acfpr,
tts own description of th~se pro
on$ of the rrwnual can be Dhys!cnlly
destroying the contlnutty of e{lrh

beginner get a general und~rtl~ndlng
hav~ started aach section with II
the theory followed by s stmnlo

~xample, l!~; examples do-not demonst~ate ali tlIW
options of the programs, Deta!l! of thase options flrp
contained tn ~ubsequent sub~e~tlons, wh!ch descrlhp
the Input cnd olltput of aach program arranged In thp
fpqupnce uz~d to solve a magnet or c~vlty problpm,
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Fig. 2. A TEKPLOT out-
put of H-shaped magnet
after correcting the
pole-tlp shape using
MIR1 .
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Iig, 3. TLKPLO1 output showing
one fourth of a 1111 cell with
the pattern of field lines for
the TMOIO mode,

Ihese Subsections contain qu!ck reference table$ th~t
sllfwnarll? the input structure and remind ihe bser of
wha~ 1s contalfled In the outpllt. He htive also includpd
a saparfite subsection on dlaqno$tlc message$ produced
by the programs and interpretations of these mestages.
The remalntng mater!al in each section will be u!eful
fur an iodeDth und?rstandinq of the \h@ory behind the
codes and pre$~nt Iim\ta!lon},
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Iig. 4, Schematic picture of a OIL showing the nomen
~1’jture for thv nose angle m, With e~ceptlon of the
gap g, other

10R

G (cm)a
1
Lm (Mv/hl)
P ?[W)

\
f Mn/m)
/1 (Wfl/m)

symbols on the figure should be Ignored.

TAEcI[ Ii

011, CAVIIY PARAMLILNS
UlttLltl.Nl DRIFI TUBE lACL ANG1.tS

._.4“ ...1! .. -.-2:,. 3“..

1.121 1 .ob3 I ,000 0,93s
0.81) L .8211 ole3? 011339
5.19 594 b,35 b,Tb
0,’/3 0./? 0,13 0,1?

72,b 12,9 “lZ.b /?,9
4H,4 49,5 50,? 51.3

alhe gap tih~s been adjusted to keep thm rpsonant
frequency thr same !0) Jll LaS@S.


